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I.     INTRODUCTION 

As part of the U. S. Army Production Base Modernization 
Program, air blast parameters such as pressure and impulse 
have been experimentally determined for a variety of explo- 
sives, propellants and pyrotechnics.  The side-on pressures 
and impulses from these mostly surface burst tests are used 
in the design of structures and protective walls to withstand 
the effects of accidental explosions in ammunition plants. 
By using blast data from a specific propellant being processed, 
more cost effective yet safe structures can be designed and 
built. 

Of particular interest to design and safety engineers, 
are the reflected peak pressures and impulses loading a wall 
or other structural configuration from an explosion occurring 
in close proximity.  Consequently, an experimental program was 
performed by SwRI for the Manufacturing Technology Division of 
ARRADCOM to obtain normal and oblique reflected pressure and 
impulse data from explosions of M26E1 propellant spheres at 
scaled distances of less than 3 ft/lbm^/-^ (1-2 m/kgl/3) . 

In a previous program conducted by SwRI [1] reflected 
blast data at small distances were obtained by using a steel 
table in which electromechanical transducers were used to 
obtain normal and oblique pressure-time histories from air 
detonations of small scale Composition C-4 and Pentolite 
charges.  In addition, normal and oblique impulses were obtained 
from cinematography of free-flying plugs initially mounted in 
the steel table.  This same technique was not practical for 
making the reflected blast measurements from the multiperfor- 
ated M26E1 propellant.  In tests conducted by Swatosh, et al 
[2] using surface bursts of several geometries of this same 
propellant, it was evident that M26E1 propellant has a relatively 
large critical size to obtain a complete reaction even when 
Composition C~4 boosters are used.  Therefore, the size of 
the table required to obtain the normal and oblique blast data 
would have made the table excessively expensive and impractical, 
particularly since tests of at least two different scales were 
desired.  Consequently, the normal and oblique measurements 
were made by imbedding pressure transducers in a linear array 

1. J. J. Kulesz, E. D. Esparza and A. B, Wenzel, "Blast 
Measurements at Close Standoff Distances for Various 
Explosive Geometries," Final Report, Contract DAAA21-76- 
C-0219, Phase I, U. S. ARRADCOM, Southwest Research 
Institute, San Antonio, Texas, In Publication. 

2. J. J. Swatosh, Jr., J. R. Cook, and P. Price, "Blast 
Parameters of M26E1 Propellant," Picatinny Arsenal, 
Technical Report No. 4901, Dover, New Jersey, Dec 1976. 



along a flat ground surface.  The propellant spheres were then 
suspended above the center transducers at the desired standoff 
distance, and initiated with double conical boosters and exploding 
bridgewire detonators.  Peak pressure and time-of-arrival data 
were obtained directly from the transducer output while the 
impulse data were obtained by integrating the pressure-time 
history recorded. 

The program was begun with a series of preliminary 
experiments to determine the minimum quantity of essentially 
unconfined M2 6E1 propellant in a spherical configuration that 
would generate a blast wave similar in strength to those re- 
ported in Reference 2.  A total of 17 preliminary tests were 
conducted using several propellant weights, and single and 
double conical high-explosive boosters of different sizes. 
The main test program, consisting of 26 tests, was then con- 
ducted using three different size propellant charges and one 
size Pentolite spheres.  The scaling of parameters for these 
experiments was accomplished as prescribed by the replica 
modeling law previously derived [1] which states that length, 
time and impulse are related by the scale factor X^ and 
pressure remains invariant.  From the pi-terms formed in 
deriving this model law, functional relationships for pressure, 
scaled impulse and time-of-arrival can be obtained to design 
the experiments as well as interpret the data.  Thus, for 
energy sources having the same geometry, with all dimensions 
and position properly scaled, and of larger size than their 
effective explosive limit for detonation, pressure, scaled 
impulse, and scaled time-of-arrival are functions of two 
independent quantities, the scaled distance (Z) and the angle 
of obliquity from the normal at which location these para- 
meters are being measured. 

In this report, the experimental program conducted will 
be covered.  A complete summary of the tests fired will be 
presented along with a description of the experimental appar- 
atus, the instrumentation used, and the data reduction pro- 
cess.  Examples of the pressure-time traces recorded will be 
shown and the results of the entire program will be presented 
in tabular and graphical form.  Conclusions and recommendations 
are made and tables of all the test data from which the data 
graphs are derived are included as an Appendix. 



II.    EXPERIMENTAL PROGRAM 

Summary of Tests Conducted 

To achieve the objectives of this experimental program 
two types of tests were conducted.  First, an extensive set of 
17 preliminary tests was required to determine the minimum 
quantity of unconfined M25E1 propellant that produced blast 
pressures comparable to those reported in Reference 2.  Prop- 
ellant charges in an approximate spherical geometry were 
initiated with Composition C-4 boosters and exploding bridge- 
wire (EBV7) detonators.  The charges were suspended and fired 
above ground level at a height to minimize cratering of the 
ground thus reducing preparation between tests.  The M26E1 
propellant was furnished by the government and was shipped 
to SwRI in standard 160 lb cylindrical shipping drums from 
the Indiana Army Ammunition Plant.  Side-on pressure trans- 
ducers were used down range close to the ground level to 
measure the blast pressure produced by each charge.  Two to 
three measurements were made at locations corresponding to 
scaled distances in most cases of 6 and 9.5 ft/lbj^^/^ (2.4 
and 3.8 m/kgl/3).  Because at these distances the transducers 
were located in the Mach stem of the blast wave, the pressures 
measured were the same as if the charge had been fired on 
the ground.  The data recorded could then be compared with 
air blast data in the literature [2,3] to determine if the 
propellant was in effect detonating.  Even though the data in 
Reference 2 were for a cylindrical charge, the scaled distances 
were large enough that geometry effects were not significant, 
and thus over-pressures from propellant cylinders and spheres 
could be compared. 

Second, the main set of experiments conducted consisted 
of 26 tests.  Six of these experiments were conducted with 
Pentolite spheres at three scaled distances from the normal 
transducer location of 3.0, 1.5 and 1.0 ft/lbm^/^ (1.2, 0.6 
and 0.4 m/kgl/3).  These tests were done to provide a check 
on the instrumentation system as well as a comparison baseline 
for the propellant tests.  Fourteen of these experiments were 
conducted with spheres of M26E1 propellant boostered with two 
conical Composition C-4 charges totaling 10% of the propellant 
weight.  Three different propellant weights were used:  16, 
30 and 54 lb (7.3, 13.6, and 24.5 kg).  These propellant 
charges were positioned at distances from the normal transducer 
location corresponding to the same three scaled distances used 
with the Pentolite spheres.  Finally, six tests were done firing 
pairs of C-4 boosters of the same size as used on the 16 lb 

3.  C. N. Kingery, "Air Blast Parameters Versus Distance for 
Hemispherical TNT Surface Bursts," BRL Report No. 1344, 
Aberdeen Proving Ground, Maryland, September 1966. 



(7.3 kg) propellant spheres and positioned at the same standoff 
distances as these propellant spheres.  A summary of the tests 
conducted on this program is presented in Table 1. 

TABLE 1.  TEST PROGRAM 

Test Type Normal Scaled Distance, ft/lb ^^^   (m/kg-"-/^) 

3.0 (1.2) 1.5 (0.6) 1.0 (0.4) Other 

Preliminary 

Pentolite Spheres 
1+  lb  (0.47 kg) m 

M26E1 Spheres 
16 Ib^ (7.3 kg) 

M26E1 Spheres 
30 Ibj^ (13.6 kg) 

M26E1 Spheres 
54 Ib^ (24.5 kg) 

Boosters Alone 
1.6 Ib^ (0.73 kg) 

Number of Tests 

2 

2 

1 

3 

1 

3 

2 

1 

3 

2 

17 

6 

Test Facility 

All the experiments in this study were conducted by 
Southwest Research Institute in the Camp Bullis Facility just 
north of San Antonio, Texas.  This is a U. S. Army facility 
controlled by Fort Sam Houston, Texas.  SwRI has a working 
arrangement with Camp Bullis for its use on government-spon- 
sored projects requiring firing of large quantities of explo- 
sives.  This facility is 15 miles from the SwRI campus and 
all data acquisition equipment is brought from SwRI and housed 
in mobile trailers or temporary buildings. 

For the preliminary tests, the propellant charges 
were suspended above the ground to minimize cratering and 
thus eliminate ground preparation between tests by just moving 
the horizontal location of the charge slightly.  Figure 1 
shows a sketch of how these tests were set up.  Aerodynamically- 
shaped, side-on pressure transducers were used primarily at 
two positions corresponding to scaled distances of Z = 6 and 
9.5 ft/lbm^/^ (2.4 and 3.8 m/kgl/3).  The propellant spheres 
were formed by taping together spherical sections of a thin 
polyethylene plastic sheet as shown in Figure 2.  The plastic 
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Figure 1.  Layout for Preliminary Tests 

Figure 2.  M26E1 Propellant Sphere 



sphere was just strong enough to contain the weight of propellant 
and consequently offered negligible confinement to the charge. 
In the preliminary tests, single and double boosters of 
several sizes were tried with propellant charges weighing from 
8 to 100 lb (3.6 to 45.4 kg).  The single conical boosters were 
placed with their base resting on top of the propellant sphere 
and were initiated at the apex of the booster with an EBW 
detonator of comparable strength to a Type II, MIL-C-14003 
blasting cap.  However, the EBW detonators are significantly 
safer to store, handle, and connect to the firing lines than 
blasting caps because they do not contain any primary explosives. 
The double conical boosters were positioned 180° apart along 
the horizontal diameter of the sphere.  The use of EBW detonators 
provided simultaneous detonation of the boosters within 0.2 ysec. 
This degree of simultaneity is not possible with conventional 
blasting caps. 

To conduct the main test program, a reflective surface 
capable of withstanding the loads expected from the M26E1 
propellant charges was required.  The use of a steel table 
similar to that used in Phase I of this project [1] was 
considered and quickly eliminated.  Because the minimum prop- 
ellant charge sizes were quite large, a steel table would have 
been prohibitively expensive and very impractical.  Therefore, 
it was decided to use the ground as the reflective surface.  A 
test bed was prepared by building up and leveling a 30 x 40 ft 
(9.1 x 12,2 m) area.  An array of eleven protective pressure 
transducer canisters were laid out as shown in Figure 3.  The 
canisters were buried in the ground so that the surface plates 
and the pressure transducers were flush with the ground surface. 
The charges were suspended from two stands as shown in Figure 4 
over the center canister such that the double boosters were 
oriented 90° from the transducer line.  The canisters on either 
side of the center one were symmetrically located.  For any 
one test, a total of seven measurements were made.  Each canister 
had provisions for removing the surface plate and the transducer 
without taking the canister out of the ground.  Depending on 
the particular test setup, the transducers were mounted on a 
given set of seven canisters to cover about the same angles of 
obliquity.  Figure 5 shows a 16 lb (7.3 kg) propellant charge 
being fired. 

Instrumentation 

Several different transducers were used in this project 
to obtain the pressure-time data.  Each transducer was selected 
depending on the peak pressure expected at each measurement 
location on a given test.  On the preliminary tests, Celesco 
Model LC-33 and Susquehanna Model ST-7A "pencil" transducers 
were used to measure the side-on overpressures.  On the main 
test program, Susquehanna Models ST-2 and ST-4, and PCB Piezo- 
tronics Model 102A03 and 109A02 pressure transducers were 
used to measure the normal and oblique reflected pressures. 
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Figure 4.  Suspension of Propellant Charge 

Figure 5.  Firing of Propellant Charge 



All these transducers were individually calibrated prior to 
each test series and after any test in which a transducer may 
have indicated damage from the blast loading.  Any transducers 
found damaged were replaced before testing was continued. 

Calibration was accomplished with a dynamic hydraulic 
calibrator consisting of a triangular chamber filled with oil. 
Two symmetric ports are provided for flush mounting a reference 
and a test transducer.  The pressure pulse is generated by 
dropping a weight down a guide tube onto a piston which extends 
through the top of the chamber.  This device produces a half- 
sine, positive pressure pulse with peak amplitudes from 100 psi 
(0.7 MPa) to more than 10,000 psi (70 MPa), and rise times of 
1 to 2 msec.  Different weights and drop heights are used 
to vary the peak amplitudes.  Figure 6 shows a sample of a 
typical calibration pulse from the hydraulic calibrator.  The 
reference transducer used was first calibrated using a dead- 
weight hydraulic tester.  It in turn was used to determine the 
pressure input to the test transducer. 

For those transducers which were expected to encounter 
peak pressures lower than 100 psi (0.7 MPa) a second calibration 
was also performed with a pneumatic calibrator.  This unit gener- 
ates a known step-function increase in pressure for dynamic cali- 
bration over a pressure range of 0-150 psig (0-1034 kPa).  The rise time is 
from 3-5 msec.  The reference transducer is a precision, 12-inch, 
bourdon tube gage.  The manifold is symmetric such that two 
transducers can be calibrated simultaneously.  Figure 7 is an 
example of the voltage-time output from two transducers ex- 
posed to a 30 psig (207 kPa) pulse.  Dividing the output voltage by 
this pressure provides the sensitivity of each transducer for 
this pressure level. 

In the field tests, the transducers were connected to 
an underground coaxial cable system which tied into the power 
and conditioning electronics contained in an instrumentation 
building approximately 300 ft  (91.4 m) from the test area. All data 
signals for the main test program were recorded on magnetic 
tape using an Ampex FR-1900 tape recorder with Wideband II, 
FM electronics.  The data were recorded at 120 ips (3.05 m/s) 
over a frequency range of 0-500 kHz.  The data were played 
back with a speed reduction ratio of 64 into a CEC Model 
5-164 oscillograph recorder with 1 kHz upper frequency res-, 
ponse galvonometers.  The resulting playback frequency range 
was then 0-64 kHz.  For the preliminary tests, the output 
of the transducers was recorded on Biomation Model 8 02 transient 
digital recorders with a frequency response of at least 0-50 
kHz and photographed on Polaroid film from a cathode ray display. 

Data Reduction 

The pressure-time data obtained in the experiments were 
processed to obtain engineering plots of the pressure and 
impulse traces.  The oscillograph records were reduced by 
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Figure 6.  Pulse from Hydraulic Calibrator 
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Figure 7.  Step from Pneumatic Calibrator 
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manually digitizing them into a Hewlett-Packard Model 9830 
microprocessor system.  The BASIC program used to digitize 
the pressure-time histories also integrated the histories to 
obtain the specific impulse, properly scaled each parameter, 
and printed out the peak values.  A Model 98 62A plotter was 
used to obtain permanent copxes of the data with engineering 
units for analysis.  Figures 8 and 9 show examples of these 
types of data plots. 

11 
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III.   EXPERIMENTAL RESULTS 

Preliminary Tests 

A series of 17 preliminary tests was conducted primarily 
to determine the minimum quantity of unconfined M26E1 propellant 
in a spherical configuration that would detonate and thus estab- 
lish the size of the smaller charges to be used in the main test 
program that followed.  Several combinations of charge and booster 
sizes were used.  The basis for deciding whether a given propel- 
lant charge was "detonating" was to measure side-on overpressures 
from essentially surface bursts and to compare the results with 
those in the literature [2,3]. 

In Reference 2,   experimental data from tests using M26E1 
shipping drums are presented.  This charge geometry is dif- 
ferent enough from a sphere that at small scaled distances, 
overpressures would be significantly different.  Consequently, 
in the preliminary tests the measurements were made at scaled 
distances large enough that geometry effects were minimal. 
The scaled distances used were in most cases 6 and 9.5 ft/lbj^"''^"^ 
(2.4 and 3.8 m/kgl/^).  A few measurements were also made at 
a scaled distance of 15 ft/lbm^/^ (6 m/kgl/3)„  The Reference 
2 results indicate that in a shipping drum configuration M26E1 
propellant would generate a peak overpressure of 42, 10 and 
3.9 psi (290, 69 and 27 kPa) at these three scaled distances. 
From Reference 3, if the propellant is assumed to be as energetic 
as TNT, the corresponding overpressures for the same three 
scaled distances are 28, 10.5 and 4.7 psi (193, 72 and 32 kPa). 
Thus, the measured pressures were compared to these two sets 
of overpressures and if the measured ones were of similar magni- 
tudes, then the particular propellant-booster charge was assumed 
to have detonated.  The peak pressures measured are presented 
in Table 2. 

The results indicated that to "detonate" M26E1 propellant, 
a relatively large charge size or substantial boostering is 
required.  Because at least two different size charges were 
to be used in the main test program, it was very desirable 
to use the smallest possible charge size to keep the actual 
test bed size and height of the charge within reasonable and 
workable limits.  Therefore, a 16 lb (7.26 kg) propellant 
sphere was selected as the smallest charge and a 54 lb 
(24.5 kg) sphere as the largest scale (1.5 larger) charge. 
An intermediate weight of 30 lb (13.6 kg) was selected for a 
few tests. 

Main Tests 

The main test program consisted of experiments using 
M26E1 propellant spheres of three different sizes, Pentolite 
spheres of one size, and double conical Composition C-4 
boosters of one size.  The Pentolite experiments were conducted 
primarily to check the instrumentation system for proper 

14 



EH 
CO 
w 
M 

H 

H 

w 
ft 
p:; 
o 

CO 
M 
cc; 
D 
CO 
CO 
w 
p:; 

w 

CQ 

■H 
en 

CO 
0) 

U) 
CQ 
0) 

ft 

m 
0) 
ft 

0) 

;:! 
en 
to 
0) 

\ 
-P 

in 

n 

£! 

4-> 

LD 

n 

-P 

IXI 

r-i    CL) 
(0   -P 

■P cn 
O o 

EH   O 
m ■H 

CQ 

o cu 
-P 

•   CQ 
o o 
2   O 

-P 
C 

■"^   ^ n 

a 0) c O IS: 

ft 

-P 
cn 
0) o 

LD   n    ID 
•      •      • 

rH   n    m 

O     iH 

CM 

o<Tit-~oooLOnin 

ncNr~-u3cT>'a'cn(Ti 

in 

00 

un 

O  O  CTi  CM  CN 
H  iH  ■   tH  r-l 

ro  IT) in 

o IT) 
CN 

00 
CN 

IT) cy\ 
CN  CN 

1^ in 

o in 00 

CN ro CN 
00 
CN 

00 
CN 

ooooooooooininin 

iHCNCNCNCNCN'^CN'^'^Lninin 

CN     CN 

>X)V£>OOOOO"N1''^^00 
rHiHroroomnvDix><^ 

iHCNn^inijDr^oocrio 

ftftftftftOfftftftft 

CN 

o 
o 

CN 

ooooooooooooooooo 
(^ 

rH CN n "^ in U3 r^ 
r-i rH rH r-i rH rH rH 
t-l yA i-:i vA i-q h^ i-:| 
ft ft ft ft ft ft ft 

fO 
ft <u 
X u 

Q) 
in x: 
<y\ cu 
00 CO 

• 
U3 OJ 

+j 
II •H 

H 
•H O 
tn -P 
04 a 

0) 
rH ft 

(C 

-r) 

CO 

tn 
X 
\ 
g 
r» 
vo 
a\ 
ro 

cn • 
A^ o 

<o II 
cn 
in ro 
■^ \. • rH 
o E 

jf 
II iH 

\ 
X! ■P 
^ 4H 

15 



operation and to provide a comparison baseline for the 
propellant data.  The booster experiments were done to 
confirm that simultaneous detonations were taking place 
consistently on each pair of boosters and to show that 
the contribution of the boosters was essentially the same 
from test to test of the same propellant weight. 

As shown in Table 1, tests were conducted at three 
scaled distances as measured from the center of the charge to 
the normal reflected pressure transducer in the array.  Trans- 
ducers were mounted on either side to make oblique reflected 
measurements with angles of obliquity as large as 70.5° from 
the normal.  For convenience in presenting the data, the obli- 
quity angle will be represented on the figures and discussions 
that follow by the ratio of the horizontal component (X) to 
the vertical component (R).  This ratio or nondimensional 
oblique distance (X/R) then ranged from 0, the normal reflected 
location, to about 2.82, which is the tangent of 70.5°, the 
largest angle of obliquity.  Seven measurements were usually 
attempted on each test.  The center transducer was always the 
normal measurement and the other six formed pairs of oblique 
measurements on either side of center. 

The pressure data, and later the impulse and time-of- 
arrival data, are grouped together by scaled distance (Z) 
and are plotted versus the nondimensional oblique distance. 
Even though the preliminary experiments showed that a 16 lb 
(7.26 kg) sphere was detonating as indicated by the side-on 
measurements, closer-in measurements made in the main tests 
showed that even with a 10% double booster, the M26E1 propellant 
had a variable explosive energy output depending on charge 
size which resulted in appreciable  scatter, particularly in 
the pressure data.  Consequently, the propellant data will be 
presented as envelopes of the range of all the data measured. 
All the individual data points are included in the Appendix. 

Figure 10 presents the range of the propellant data from 
16, 30, and 54 lb (7.3, 13.6 and 24.5 kg) spherical M26E1 
propellant charges for a scaled distance of 3 ft/lbj^-*-/-^ 
(1.2 m/kgl/3).  in computing this distance note that even 
though the boosters added 10% to the propellant charge weight, 
the error in computing scaled quantities such as the scaled 
distance is only about 3% (on the conservative side) if the 
weight of the boosters is neglected.  Because of the large 
variation in output explosive energy of the propellant, the 
scatter in the data is such that this small error would make 
an insignificant difference in the data graphs presented.  For 
comparison purposes, a solid line representing an eye-fit curve 
through the Pentolite data points obtained in this program 
is shown.  In addition, a TNT curve, derived from Reference 4 
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Pentolite Data Curve 

 M26E1 Data Range 
16, 30, and 54 lb Charges 

 TNT Curve 
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0 

± 
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1  lb     = m 
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0.4 54 kg 

3.0 

Figure 10.  Normal and Oblique Reflected Pressures for 

Z = 3.0 ft/lbj^-^/^ (1.2 m/kg^/^) . 
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by Kot, et al [4] and Figure 4-5 of TM5-1300 [5] is also shown 
to compare with the Pentolite and propellant data curves.  The 
figure from Reference 4 provides a reflected pressure ampli- 
fication coefficient for any angle of incidence and was syn- 
thesized by Kot, et al [4] from Figure  4-6 of TM5-1300 [5] 
and more recent data from Carpenter and Erode [6].  The latter 
information was used primarily for obliquity angles greater 
than 40°.  Because at large obliquity angles an explosion in 
the vicinity of a large flat surface appears more like a surface 
burst, Kot, et al [4] makes the reflected pressure approach 
a value of 150% the side-on overpressure.  This is a more 
accurate assumption than the one in Reference 5 which says 
that at an obliquity angle of 90° the reflected pressure is 
the same as the overpressure from a free air explosion.  The 
procedure for deriving the TNT pressure and impulse (shown later) 
curves is given in Reference 5 and basically consists of com- 
puting slant distances from the charge to the points of inter- 
est and obtaining the side-on overpressures at the corresponding 
scaled distances.  Each set of side-on overpressure and incidence 
angle is then used to obtain the reflected pressure coeffi- 
cient which allows computation of the corresponding reflected 
pressure.  With the reflected pressure determined, a fictitious 
scaled distance is obtained from the normally reflected pressure 
versus scaled distance TNT graph in Reference 5 and used to 
find the corresponding scaled positive reflected impulse.  How- 
ever, the TNT time-of-arrival curves shown later were obtained 
by simply finding the scaled times for a range of slant scaled 
distances of interest from the free air TNT graph (Figure 4-5 of 
the TM5-1300 [5]). 

Similar plots for the other two scaled distances, 1.5 ft/lbjj,"'''^"^ 
(0.5 m/kgl/3) and 1.0 ft/lbj„l/3 (o.4 m/kgVB) are shown in 
Figures 11 and 12.  These curves show that in most cases the 
maximum peak pressures measured for the propellant tests at 
the three scaled distances are comparable to those from Pento- 
lite over the entire range of scaled oblique distances (X/R) 
tested.  Furthermore, the TNT curve falls within the range 
of the propellant data.  This implies that M26E1 propellant 
which has been boostered significantly can generate peak pres- 
sures at small scaled distances which are about the same magnitude 

4. C. A. Kot, R. A. Valentin, D. A. McLennan and P. Turula, 
"Effects of Air Blast on Power Plant Structures and Compo- 
nents," U. S. Nuclear Regulatory Commission CR-0442, Argonne 
National Laboratory, Argonne, Illinois, October 1978. 

5. "Structures to Resist the Effects of Accidental Explosions," 
U. S. Army TI15-1300, Washington, D.C., June 1969. 

6. H. J. Carpenter and H. L. Erode, "Height of Burst Blast 
at High Overpressures," R&D Associates, Santa Monica, 
California, 1975. 
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Pentolite Data Curve 

 M26E1 Data Range 
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1   psi 
1   lb m 

1.0 2.0 
NONDIMENSIONAL OBLIQUE DISTANCE  (X/R ) 

6.895 kPa 
0.4 54 kg 

Figure 11.  Normal and Oblique Reflected Pressures for 

Z = 1.5 ft/lb ^^^ (0.6 m/kg-^/^) . m 
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NONDIMENSIONAL OBLIQUE DISTANCE (X/R) 
1 psi - 6.895 kPa 
1 lb  = 0.454 kg 

in ^ 

Figure 12.  Normal and Oblique Reflected Pressures 

for Z = 1.0 ft/lbj^"*"^^ (0.4 m/kg^^-^) 
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as Pentolite.  For designing of protective walls or other 
structures, the use of the maximum pressure line would result 
in a conservative design. 

The scaled impulse data are presented in similar fashion 
in Figures 13 through 15.  These figures show a narrower band 
of scatter in the propellant impulse data than for the peak 
pressures.  However, the values measured for the M26E1 propel- 
land are again about the same magnitude as the eye-fit line for 
the Pentolite data.  On the other hand, all the experimental 
data from this program fall below the TNT impulse curve.  Thus, 
a structure designed using TNT impulse data would be conserva- 
tive when protecting against accidental M2 6E1 explosions. 

Finally, the range of the scaled time-of-arrival data 
is presented in Figures 16 through 18 and compared to the 
eye-fit curve through the Pentolite data points.  The scatter 
of these data, especially for the two closer scaled distances, 
is less than for the pressure data.  Figure 16 shows that the 
maximum arrival times measured on the propellant tests are 
almost the same as those measured on the Pentolite tests. 
However, in Figures 17 and 18, the Pentolite curve falls in 
between the maximum and minimum values measured on the propel- 
lant tests.  Furthermore, when comparing to the TNT curve 
obtained from Reference 5, the experimental data from Pento- 
lite tests show similar arrival times of the shock wave as 
the TNT curve would predict.  In some cases (Figure 16) the 
propellant arrival times are shorter  than for the Pentolite 
and TNT explosives.  However, the slope (shock velocity) of 
the range of the propellant data is about the same or steeper 
than the explosives curves which indicates shock waves of com- 
parable or lesser strength for the propellant test over the 
distances on which time of arrival measurements were made. 
A similar phenomena on tests using pressurized bursting gas 
spheres [7] has been observed in which arrival times were 
comparable to those of Pentolite but on which overpressures 
were of much lower amplitude.  This type of behavior may 
be characteristic of finite-sized energy sources which are 
not as compact as high explosives. 

7.  E. D.Esparza and W. E. Baker, " Measurement of Blast Waves 
from Bursting Pressurized Frangible Spheres," NASA Contractor 
Report No. CR-2843, Washington, D.C., May 19 77. 
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Figure 13.  Normal and Oblique Reflected Impulses for 
1/3 1/3 

Z = 3.0 ft/lbj^^-^ (1.2 m/kg^-"). 
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Figure 14.  Normal and Oblique Reflected Impulses for 

Z = 1.5 ft/lbj^^/^ (0.6 m/kg^/^). 
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Figure 15.  Normal and Oblique Reflected Impulses for 

Z = 1.0 tt/lh^^^   (0.4 m/kg-"-/^)., 
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IV.    CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of this exploratory program a 
number of conclusions and observations were made.  These are 
as follows: 

(1) M26E1 multiperforated  propellant  is a very diffi- 
cult material  to  detonate   in a  relatively unconfined   state  and 
in quantities o£ about 16 lb   (7.3 kg).     Substantial boostering with a 
high  explosive  is  required   to  react  the  entire charge. 

(2) The explosive output of M26E1 even with substantial 
boostering varies considerably at small scaled distances and 
as a maximum is slightly more energetic than Pentolite as 
indicated by reflected pressure, impulse,  and time-of-arrival 
data. 

(3) Because this propellant is difficult to detonate 
in small quantities, experiments to obtain reflected blast 
parameters require large charges to verify that pressure and 
impulse do scale with the cube root of the charge weight as 
indicated by the replica scaling law. 

(4) The time-of-arrival data for tests conducted at a 
scaled distance of 3.0 ft/lbm-"-/-^ (1.2 m/kgl/3) showed that the 
arrival times on the propellant tests were shorter than for 
the Pentolite tests.  However, the slope of the time-distance 
propellant data was the same or steeper than that of the Pento- 
lite data.  This indicates that the shock velocity from the 
propellant tests was actually the same or lower than the shock 
velocity for Pentolite over the range of oblique distances tested. 

(5) The use of piezoelectric pressure transducers to 
obtain reflected peak pressures at small scaled distances is 
more than adequate in small scale experiments.  Physical damage 
and drift problems from the fireball were minimal.  However, as 
the charge weight is increased in size but keeping the scaled 
distance constant, damage to the transducers from the impulse 
becomes more common.  Even though pressure remains invariant 
regardless of scale, impulse increases proportionally with the 
scale factor.  Consequently, the probability of damaging a trans- 
ducer used to obtain the entire pressure-time history increases 
as the scale of the experiment gets larger.  At a scaled distance 
of 3.0 ft/lb -'-/-^ (1.2 m/kgl/3) obtaining impulse from relatively 
large propellant charges using pressure transducers is probably 
not a problem.  At closer distances it will become more diffi- 
cult.  Therefore, it is impractical to use pressure transducers 
any closer than 1.5 ft/lbj^^-'-/-^ (1.2 m/kgl/^) to obtain reflected 
blast data from propellants whose minimum detonating mass is 
large. 
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(6)  Some reflected pressure and impulse data at small 
scaled distances from unconfined, spherical, M26E1 propellant 
charges were obtained and can be used as a preliminary guide 
to predict loads for designing barricades, walls or other protec- 
tive structures near stored or in-process M26E1 propellant. 

Based on the work performed in this experimental program 
and the above observations and conclusions, the following recom- 
mendations are made: 

(1) Because only a limited number of experiments were 
performed in this program, additional tests using similar size 
propellant charges should be conducted to improve the confidence 
level in the data collected.  Measurements should be concentrated 
at the normal location and angles of obliquity up to 45°. 

(2) Large M26E1 propellant tests should be conducted 
using similar test techniques at scaled distances of 3.0 and 
1.5 ft/lbjj^-"-/-^ (1.2 and 0.6 m/kgl/3) to better verify the scaling 
law.  Charge weights used should be in the 100 lb (45.4 kg) 
range and should be boostered in a similar manner.  The use of 
the larger charges will also determine if the variable explosive 
output of the propellant found in this program is characteristic 
of smaller charges only.  If it is, smaller boosters should also 
be used to determine whether the output of the large charges 
changes enough to be measurable. 

(3) In the conduct of these large propellant tests, 
some effort should be included for developing a different method 
for obtaining impulse at small scaled distances.  This new 
method should be mechanical or hydraulic in principal, and should 
not require cinematography which is difficult to accomplish because 
of the fireball and explosive products. 

(4) For efficient design of protective structures ad- 
jacent to a propellant production line, the blast output of the 
particular type of propellant being processed should be known. 
Consequently, similar experiments such as those conducted for 
the M26E1 propellant should be performed for other propellants 
whose blast output has not been experimentally determined. 
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